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It is an interesting question whether still closer social co-operation might be achieved by a society that adopted some method of clonal reproduction by which all men were truly brothers. Altruism is an effective evolutionary policy only if it benefits your own genes, and the ants and bees use very special methods to ensure this. Technically such changes begin to look almost possible; whether they are desirable is another matter. We certainly cannot foresee them in the near future, but the possibility of them may remind us that the biggest difference of all between men and animals is in the vast range of techniques of control of life that are now becoming available. We are all familiar with the effects of the techniques of physical science in promoting the industrial revolution and the invention ofmachines. Perhaps it is still insufficiently realized that biological knowledge is now producing a still greater revolution, namely in the way we manage ourselves. Inevitably the medical profession finds itself in the forefront of this revolution and has to learn to deal with all the new problems that it brings.
This symposium is especially welcome for that reason. I should like to emphasize once more that the problems are those of information and control. We shall collect much information today. We shall probably not have much to say about the problems of how it is to be used for the control of human life. But I hope that we shall not forget that if we are to achieve successful regulation in the future we shall have to be ready to use and to accept control in matters of population and environment. The need for such control should not alarm us, if it is properly based on information and feed-back. After all, it is a natural extension of the regulation by the information of our DNA or by the language and social customs that we inherit from the past.
We should never forget that the continuation of our lives depends every moment on information from the past. We are as we are because of the endowment we receive, particularly from our genes, our language and our social system. Without them we are nothing. Life depends upon regulation, and the opposite of control is death. We should be thankful that we are subject to genetic, linguistic and social systems that allow us a full and developing life, however far it may be from perfection, whatever that may mean. Let us rejoice in the fact that we live at a time when ever-fresh sources of information abound, and when people are beginning to realize the need for closer and closer co-operation for survival. I shall largely speak of mice, but my thoughts are on man, on healing, on life and its evolution. Threatening life and evolution are the two deaths, death of the spirit and death of the body. Evolution, in terms of ancient wisdom, is the acquisition of access to the tree of life. This takes us back to the white first horse of the Apocalypse which with its rider set out to conquer the forces that threaten the spirit with death. Further in Revelation (ii.7) we note: 'To him who conquers I will grant to eat the tree' of life, which is in the paradise of God' and further on (Rev. xxii.2): 'The leaves of the tree were for the healing of nations. ' This takes us to the fourth horse of the Apocalypse (Rev. vi.7): 'I saw ... a pale horse, and its rider's name was Death, and Hades followed him; and they were given power over a fourth of the earth, to kill with the sword and with famine and with pestilence and by wild beasts of the earth' (italics mine). This second death has gradually become the predominant concem of modern medicine. And yet there is nothing in the earlier history of medicine, or in the precepts embodied in the Hippocratic Oath, that precludes medicine from being equally concerned with healing the spirit, and healing nations, as with healing the body. exceptionally large aggregate ofpooled withdrawn mice on thefloorjust across the centre ofthefloorfrom him. Note the aggregation ofmice on some food hoppers in contrast to their near absence on others. This is the 'behavioural sink' phenomenon in which the learned needfor proximity to others as a secondary reinforcer at a resource site gains dominance over the primary need, in this casefood. Photo by Yoichi R Okamoto these five mortality factors, and then discuss the steps taken to eliminate, or drastically reduce, the impact of each in a Utopian environment constructed for mice.
(1) Emigration: Animals in the wild rarely die from the 'sword' directly; few are the deaths from intraspecific combat. Rather it is that individuals, who have failed in the more symbolic conflicts involved in gaining the right to remain in the locality of their birth or in more preferred habitats, take recourse to movement into peripheral unoccupied or suboptimal habitats. In strange and less favourable habitats the emigres become more exposed to other mortality factors. (Calhoun 1969 , Wigotsky 1970 (Fig 4) reflects a remarkable hierarchical ordering within the total social system. This type of ordering is identical to that which results when we examine the degree of activity exhibited by the several males of an interacting group. The most dominant male is the most active one, and as social dominance declines so does the degree of activity. Such activity is termed 'social velocity' (Calhoun 1963 (Calhoun , 1967 (Calhoun , 1971 males exhibit little aggression. However, in response to invasion of nest sites and bases of ramps leading to them, the nursing females did become aggressive, essentially taking over the role ofthe territorial males. This aggression generalized to their own young who were attacked, wounded, and forced to leave home several days before normal weaning. During Phase C the incidence of conception declined, and resorption of feetuses increased. Maternal behaviour also became disrupted. Young were often wounded in the delivery process. Females transported their young to several sites, during which process some were abandoned. Many litters of a young age on one survey disappeared before the next survey. Such abandoning of young following survey disturbance is a particularly sensitive index of dissolution of maternal behaviour. The combined effect of these several factors affecting reduced conception, increased feetal mortality and increased preweaning mortality largely accounts for the abrupt decline in rate of population growth characterizing Phase C. For all practical purposes there had been a death of societal organization by the end of Phase C.
Decline ofPopulation Size, the Death Phase D Population increase abruptly ceased on Day 560 after colonization. A few mice born up until Day 600 survived past weaning. Between these times deaths just slightly exceeded births. Beyond the time of the last surviving birth on Day 600 the incidence of pregnancies declined very rapidly with no young surviving. Last conception was about Day 920. With the increase in rate of mortality accompanying senescence the population has continued to decline in numbers. By March 1 1972, the average age of survivors was 776 days, over 200 days beyond menopause. On June 22 1972, there were only 122 (22 male, 100 female) survivors. Projection of the prior few months of exponential decline in numbers indicates that the last surviving male will be dead on May 23 1973, 1780 days after colonization. The population will be, reproductively, definitely dead at that time, although such death was predicted by 700 days after colonization. This demise of a population contradicts prior knowledge which indicates that when a population declines to a few remnant groups, some individuals will reinitiate its growth.
Turning back to the end of Phase C, the seeds for eventual destruction may already be seen to have been sown. By midway in Phase C essentially all young were prematurely rejected by their mothers. They started independent life without having developed adequate affective bonds. Then as they moved out into an already dense population many attempts to engage in social interaction were mechanically disrupted by passage of other mice. Lastly, I have shown (Calhoun 1963 ) that in proportion to the extent that the group size exceeds the optimum, maximizing gratification from such interactions necessitates a decrease in the intensity and duration of such behaviours.
This fragments otherwise more complex behaviours. As a result of these three processes (failure to develop early social bonding, mechanical interference with developing social behaviours and fragmentation of behaviours) maturation of the more complex social behaviours such as those involved in courtship, maternality and aggression failed. For females a clear example may be taken from a 2 cell universe studied in parallel with the 16 cell one detailed here. The members of this population were killed 300 days after the inflection point of the shift from Phase C to Phase D. Among these were 148 females born within the last 50 days before the end of Phase C. At autopsy at a median age of 334 days only 18% had ever conceived (i.e. no placental scars in the uteri of 82% of the females) and only 2% were pregnant (each of these 3 females had only one embryo as contrasted to the more normal 5 or more). By this age most females in a normal population would have had five or more litters, most of them successfully reared.
Male counterparts to these non-reproducing females we soon dubbed the 'beautiful ones'. They never engaged in sexual approaches toward females, and they never engaged in fighting, and so they had no wound or scar tissue. Thus their pelage remained in excellent condition. Their behavioural repertoire became largely confined to eating, drinking, sleeping and grooming, none of which carried any social implications beyond that represented by contiguity of bodies. Most of the last half of the population born in the 16 cell universe were fully or largely like these non-reproducing females and these 'beautiful ones' (males). As their formerly more competent predecessors gradually became senescent, their already disrupted capacity for reproduction terminated. At this time only the 'beautiful one' category of males, and their counterpart females, remained at an age normally compatible with reproduction, but they had long since failed to develop this capacity.
My Young born during such social dissolution are rejected by their mothers and other adult associates. This early failure of social bonding becomes compounded by interruption of action cycles due to the mechanical interference resulting from the high contact rate among individuals living in a high density population. High contact rate further fragments behaviour as a result of the stochastics of social interactions which demand that, in order to maximize gratification from social interaction, intensity and duration of social interaction must be reduced in proportion to the degree that the group size exceeds the optimum. Autistic-like creatures, capable only of the most simple behaviours compatible with physiological survival, emerge out of this process. Their spirit has died ('the first death'). They are no longer capable of executing the more complex behaviours compatible with species survival. The species in such settings die.
For an animal so simple as a mouse, the most complex behaviours involve the interrelated set of courtship, maternal care, territorial defence and hierarchical intragroup and intergroup social organization. When behaviours related to these functions fail to mature, there is no development of social organization and no reproduction. As in the case of my study reported above, all members of the population will age and eventually die. The species will die out.
For an animal so complex as man, there is no logical reason why a comparable sequence of events should not also lead to species extinction. If opportunities for role fulfilment fall far short of the demand by those capable of filling roles, and having expectancies to do so, only violence and disruption of social organization can follow.
Individuals born under these circumstances wilt be so out of touch with reality as to be incapable even ofalienation. Their most-complex behaviours will become fragmented. Acquisition, creation and utilization of ideas appropriate for life in a post-industrial cultural-conceptual-technological society will have been blocked. Just as biological generativity in the mouse involves this species' most complex behaviours, so does ideational generativity for man. Loss of these respective complex behaviours means death of the species.
Mortality, bodily death = the second death Drastic reduction of mortality =death of the second death =death squared =(death)2 (Death)2 leads to dissolution of social organization =death of the establishment Death of the establishment leads to spiritual death =loss of capacity to engage in behaviours essential to species survival =the first death Therefore:
(Death)2 =the first death.
Happy is the man who finds wisdom, and the man who gains understanding.
Wisdom is a tree of life to those who lay hold of her. Thompson 1969 ). An older study for Scotland (Kincaid 1965) had shown that stillbirths and other parameters were density related. However, in terms of conceptual space, it might be the necessity for limitations to growth which might be the more difficult conceptual area for man to deal with. In that case a further increase in birth rate might be expected past the breaking point (Galle et al. 1972 Rather than socially withdrawing from the system, the implication was that they never attempted to enter it.
All of these various types of mice evolved in the crowded environment but because of differing roles, or rather lack of social roles or rejection from attempted roles, their behavioural and biochemical profiles were quite different.
The Chairman asked about the steroids.
Dr Calhoun said that a more comprehensive picture of the physiology was not obtained. Such a co-ordinated effort had to be planned from the beginning. The real dilemma was the removal of sufficient numbers of animals with known histories at critical points in population growth. Removal of large numbers of animals at any point in a population's history presented the risk of disturbing the later history. The only effective approach would be to run a large number of populations and terminate them at critical periods. The labour problem was tremendous. This was not normal science, a balanced experiment. It was observation and reconstruction of a process; it was historical.
Dr James P Henry (University of Southern California)
said that for the past ten years his group had been following up on Dr Calhoun's approach of working with socially interacting, freely breeding groups of rodents. They had used smaller colonies of 17 to 50 CBA mice and had studied normal and socially deprived animals using intercommunicating systems of standard boxes. Role behaviour was monitored by a magnetic tagging method (Ely et al. 1972 ). In the socially deprived groups persistent fighting and social disorder had been associated with a slowly developing elevation of the adrenal medullary catecholaminesynthesizing enzymes, tyrosine hydroxylase and phenylethanolamine N-methyltransferase . There had been a sustained systolic arterial hypertension. After several months this had become fixed, despite removal of the stimulus (Henry et al. 1967 ). In animals which had experienced six months or more of this social stimulation there had been a gross increase in the incidence and severity of aortic and intramural coronary vascular arteriosclerosis, of glomerular mesangial changes, and of myocardial fibrosis and chronic interstitial nephritis (Henry, Ely et al. 1971) .
Dr John Burkinshaw (London) wondered whether throughout his experiment Dr Calhoun had observed anything among the mice which could be interpreted as a mutation.
Dr Calhoun felt that there probably was some mutation. Mice which continually circled, about a dozen, had been noted, but these might have been 'vestibular' mice and a result of an infection, not mutation. Even if mutation rates were known, the first generation would have been very much like the last. So the real conclusion was that tremendous behavioural differentiation could occur as a result of social environmental influences even given a high degree of genetic homozygosity.
